Bakery products are gaining great interest from consumers for their convenience, variety of taste and relatively low price. The consumers requirements led to development of various tastes and to improvement of the nutritional value with addition of functional supplements to bread ingredients. Although quinoa is one of the oldest traditional cereals that has been cultivated since the age of the Inca Empire, it was not generally used for daily diet. However, after NASA s recommendation of quinoa as one of the suitable plants for CELSS (Controlled Ecological Life Support System) in the 90s, quinoa has been used for various food ingredients. Hence, bread made from quinoa flour substitution for wheat flour is served to patients suffering from wheat allergy. The functional properties of quinoa seeds have been previously studied 1) and also a small amount substitution of quinoa flour for wheat flour made relatively positive bread qualities. 2, 3) In contrast, the increase in the amount of quinoa flour for wheat flour showed a decrease in the loaf volume and dough qualities. This result was surely due to the deficiency of gluten and the increase of the bran fraction. Though quinoa can be used in various ways, very few scientific reports have described its effects on baking quality. In the present study, two different treatments of whole quinoa seeds, stone mortar milled quinoa flour (SMQ) and roller milled and roasted quinoa flour (RMRQ), were carried out for preventing the loss of nutritional components and improvement of flavor, respectively. It is generally believed that the stone mortar milled flour has less loss of nutritional components than roller milled flour as the rise of temperature is suppressed during milling. In addition, in ancient times, roasting was traditionally used to improve the flavor of tea and coffee. Since similar effects might be found by applying the roasting treatment to quinoa, two kinds of whole quinoa flours were prepared for the present experiments. Furthermore, quinoa flours contained a high amount (6 7%, w w) of lipid, and then bacterial lipase was added to the quinoa substituted wheat flour to improve the quality of bread, as reported previously, 4) because consumers do not prefer artificial improvers to be used for food ingredients. The purpose of this study was to test the dough properties and baking quality for practical applications of SMQ and RMRQ with or without lipase. Abstract: Two kinds of whole quinoa seeds, the stone-mortar milled quinoa flour SMQ and the roller milled and roasted-quinoa flour RMRQ , were tested for their chemical, rheological and breadmaking characteristics. The loaf volume of breads baked with SMQ and RMRQ substituted wheat flour distinctly decreased in proportion to the increase of substitution 30%, w w . The additions of lipase 7.5 10 3 U g significantly increased the loaf volume of SMQ or RMRQ substituted wheat bread, except for the 30% substitution of RMRQ. Addition of lipase to SMQ or RMRQ substituted wheat bread distinctly decreased the firmness of breadcrumbs compared to those without lipase. Lipase addition to SMQ and RMRQ substituted doughs lowered viscosity, while the enthalpy change of melting for starch-lipid complexes H2 was slightly higher than the substituted doughs without lipase. Microscopic observation of the SMQ substituted dough 30%, w w showed that the increase in the substitution of SMQ could not form a well-developed gluten matrix. However, addition of lipase to the SMQ substituted dough sufficiently made the extensible gluten structure that covered starch granules. The increase in the amount of substitution of SMQ and RMRQ for wheat flour showed unfavorable bread quality, but the addition of lipase to SMQ or RMRQ substitution distinctly improved the bread qualities. These improvements might be caused by the effects of mono-and di-acylglycerol as natural emulsifiers, which were increased from lipid hydrolyzed by lipase during breadmaking.
RMRQ was roasted in a convection oven at 120 C for 30 min. After roasting, grain was exposed to atmosphere at room temperature for 24 h to allow moisture equilibration. The crude lipase (7.5 10 3 U g) of Aspergillus niger was provided from Amano Enzyme Inc. (Nagoya, Japan) and used without further purification. The enzyme had only a small amount of acidic protease activity.
Bread baking. The breadmaking formula was 280 g of flour, 5 g of NaCl, 17 g of sucrose, 3 g of dry baker s yeast (J.T. Foods, Co., Ltd., Shizuoka, Japan) and 210 g of water. The lipase was dissolved with the 210 g of water beforehand and added to the other ingredients at the start of mixing. All ingredients in a polyethylene bag without yeast and water were sufficiently mixed by hand and then the ingredients and water with or without lipase were put into the case and baked by an automatic bread maker (SD BT3, Matsushita Electric Industrial Co., Ltd., Tokyo, Japan) in the same operating conditions as described previously.
3) The total time for the entire process was 4 h: mixing for 20 min, additional mixing for 10 min, standing for 10 min, additional mixing for 10 min after addition of yeast, fermentation for 150 min and baking for 40 min at 200 C. The time for yeast to be added to the case was controlled automatically by the bread maker. The volumes of the loaves were measured by the rapeseed displacement method as reported previously.
5)
Chemical analysis and preparation of quinoa flour samples. Standard AACC methods were used to determine moisture, 6a) ash 6b) and dietary fiber. 6c) Nitrogen was determined by the micro Kjeldahl method. 6d) Crude lipid was extracted by a Soxhlet apparatus with diethyl ether. The color difference of the two samples was determined with a color difference meter (CR 13 Color reader, Konica Minolta Holdings, Inc., Tokyo, Japan). The particle size distribution of SMQ and RMRQ was determined using a standard sieve (Iida Seisakusho Co., Ltd., Osaka, Japan).
Mixing properties of dough. A Farinograph (Brabender OHG., Duisburg, Germany) was used for the determination of mixing properties of dough, equipped with a 50 g stainless steel bowl. Mixing was at the standard speed of 63 rpm at 30 C. Mixing properties, including water absorption (to evaluate the optimum amount of water absorption of flour), weakness (to evaluate the mechanical strength of dough) and development and stability time (to determine appropriate development and stability times of physical properties of dough) during mixing respectively, were obtained on a maximum resistance, centered on 500 Brabender units line (500 BU line).
6e)
Viscoelastic properties of dough and firmness of breadcrumb. Dough formulation contained flour (300 g) and the optimum amount of water, which contained an appropriate enzyme unit per kilogram of wheat flour basis. The dough sample mixed for 30 min in the automatic bread maker was put into a plastic vessel ( 25 mm 50 mm) and let stand for 10 min at 30 C. A cylindrical plunger ( 10 mm H 50 mm, Product No. 9) was used and the penetration force defined as the force penetrated the sample at a depth of 20 mm at a plunger speed of 300 mm min and 30 C using the same uni axial compression elongation type Fudoh rheometer (Model RT 2002D D, Rheotec Co., Ltd., Tokyo, Japan), as reported previously. 3) On the other hand, for the breadcrumbs, a type of disc plunger ( 20 mm H 2 mm, Product No. 3) was used to measure the firmness of stale bread (W 40 mm D 40 mm H 30 mm). The firmness was defined as the force at a deformation of 7 mm and the plunger speed of 60 mm min by the same rheometer as described above. The data were processed using a computer program, Rheosoft TR 06 (Rheotech Co., Ltd.).
Scanning electron microscopic observation of dough. Wheat dough containing 10% (w w), 20% (w w) and 30% (w w) of SMQ with lipase (A L, B L, C L) or without (A, B, C) was observed by a scanning electron microscope (SEM) apparatus (Model S 800, Hitachi Ltd., Tokyo, Japan), as reported previously. 7 9) A small portion of dough sample was frozen and lyophilized, and then the samples were coated with Pt Pd before observation. The SEM was operated at 10 kV.
Differential Scanning Calorimetry (DSC). The DSC was done using a DSC apparatus (Model DSC 60, Shimadzu Co., Ltd., Tokyo, Japan) as reported previously. 7) About 12 mg of dough sample after mixing for 30 min in the automatic bread maker was sealed in an aluminum pan (5.7 mm i.d H 1.5 mm, 0.038 cm 3 of capacity). The temperature was raised from room temperature to 125 C at a rate of 5 C min. An empty aluminum pan was used for a reference. The enthalpy change of starch gelatinization ( H ), initial temperature (Ti), peak temperature (Tp) and completion temperature (Tc) were used to characterize the thermal transition of the starch and starch lipid complex: the enthalpy change of starch ( H1), and melting of starch lipid complex ( H2) in the dough.
Statistical analysis. Data were analyzed by using analysis of variance (ANOVA), and Duncan s multiple range test was performed to compare treatment means; differences were considered significant at p 0.05.
RESULTS AND DISCUSSION
Flour characteristics. Table 1 shows the particle size distribution of SMQ and RMRQ. The weight of SMQ and RMRQ passing through 48 mesh sieve was 51.7% (w w) and 38.3% (w w), respectively. However, the resultant amount of SMQ in 32 mesh was higher than that of RMRQ. It is considered that stone mortar milling method for SMQ can control the degree of milling strength. Therefore it could provide for a milder or finer milling, and prepare the quinoa flour sam- Residues %: means the weight of remnant on a sieve. Average SD, n 3.
ples with smaller particle sizes than the roller milling method for RMRQ. Proximate chemical compositions of two kinds of quinoa flours are shown in Table 2 . The moisture and dietary fiber contents were observed 11.5% (w w) and 1.6% (w w) for SMQ, and 4.8% (w w) and 5.3% (w w) for RMRQ, respectively.
Breadmaking characteristics.
Loaf volume of breads prepared with SMQ and RMRQ substituted wheat flour with or without lipase is shown in Fig. 1 . The loaf volume significantly decreased in proportion to the amount of SMQ and RMRQ substitution. This result might be caused by the deficiency of gluten because quinoa can not form the gluten 10) and or the increase of alkaline insoluble protein, which is strongly correlated with poor dough mixing quality as reported previously.
11)
Samples of 30% SMQ and RMRQ substituted wheat flour showed similar loaf volume; however, 20% and or 10% substitution of SMQ showed larger loaf volume than that of RMRQ without lipase addition. Wheat flour naturally contains both and amylases, and also the suitable additions of these enzymes to the baking ingredients could improve loaf volume. The and amylases have been thought to increase the amounts of fermentable sugar to accelerate fermentation. 12) Therefore, the lower loaf volume of RMRQ substituted wheat bread than that of SMQ may be due to the inactivation of and amylases by the heat treatment for preparation of RMRQ. Namely, the denaturation of protein by heat treatment might also suppress their enzyme activities and decrease the gas generation by yeast during fermentation, resulting in a poor bread quality. Furthermore, the coagulation of denatured protein would disturb the formulation of extensible or viscous gluten structure which produces good bread qualities.
The addition of lipase significantly affected the loaf volume of both SMQ and RMRQ substituted wheat breads. The loaf volume clearly increased in proportion to the amount of lipase used, except for the 30% RMRQ substituted sample. Particularly, the improving effects of lipase were obvious on SMQ substituted bread, as compared with RMRQ substituted bread. Among all the samples with various amounts of lipase used, the 10% SMQ substituted sample showed particularly large loaf volume. There were no significant differences in the loaf volume observed between the 300 ppm lipase added bread and over 300 ppm lipase supplemented bread (data not shown).
The firmness of breadcrumbs containing various amounts of SMQ and RMRQ were tested with or without lipase as shown in Table 3 . As the increase in substitution of the amounts of SMQ and RMRQ for wheat flour without lipase, the firmness of crumbs increased. Furthermore, after three days of storage, crumbs made from 30% SMQ and RMRQ substituted wheat flours showed significantly higher firmness than those with 10% or 20% substitution. These results coincided with the previous report that the small loaf volume resulted in hard firmness of breadcrumbs.
4) The substitution of heat treated RMRQ could harden the breadcrumbs and result in a smaller loaf volume than that of SMQ, as shown in Fig. 1 . The differences in milling methods might influence their baking qualities differently. Addition of lipase (300 ppm) to substituted flours with SMQ and RMRQ distinctly decreased the firmness of breadcrumbs compared to those without lipase. In addition, SMQ with lipase was more effective in softening the breadcrumbs than in the case of RMRQ. These baking qualities were considered to be caused by the different characteristics between the SMQ and RMRQ as shown in Tables 1 and 2 . The particle size of flour has been reported to change the quality of the final product and the flour with a finer particle size could make a better quality than use of a flour with a large particle size. 13) In addition, SMQ included smaller amounts of dietary fiber as compared with RMRQ. Therefore, the baking results of quinoa flours such as loaf volume and firmness of the bread were influenced by the particle size distribution, proximate components and enzyme activities of quinoa flours.
Mixing properties of dough.
Mixing properties of the SMQ and RMRQ substituted wheat dough with or without lipase are summarized in Table 4 . The ratios of water absorption of SMQ or RMRQ substituted doughs without lipase increased proportionally to the amounts of quinoa flour used. This tendency was obvious for the RMRQ substitution. This result may be due to low amount of moisture content of RMRQ, which was processed by heat treatment before milling. In addition, the RMRQ had larger amounts of dietary fiber than SMQ as shown in Table 2 . On the other hand, Sharma and Bains 14) have reported that there is a significant relationship between damaged starch content and the water absorption of whole wheat meals. When the flour contained larger amounts of damaged starch, the water absorption also increased. 15) Polished flours contained larger amounts of damaged starch, as compared with commercial flours because the milling method included only a polishing process without rolling.
16) The present stone mortar milling method for SMQ is considered to be similar to the polishing method. These characteristics in SMQ and RMRQ were assumed to increase the water absorption values in Farinograph mixing. Dough mechanical stability indicated by stability time and weakness value for SMQ and RMRQ substituted doughs significantly decreased by the substitution for wheat flours.
The addition of lipase to various SMQ and RMRQ substituted doughs changed the following Farinograph param- WA, water absorption; WK, weakness. 1 Amount of water required by given weight of flour to yield dough consistency of 500 BU line. 2 Time required for reach the maximum peak in 500 BU line. 3 Difference between arrival time and time it take for curve to decrease below 500 BU line. 4 Difference between 500 BU and Brabender units it take to development time after 12 min. Values followed by the same letter in the same column are not significantly different (p 0.05).
eters: water absorption ratio, development time, stability time and weakness. Although SMQ and RMRQ dough samples with addition of lipase decreased the stability of Farinograms, the increasing of loaf volumes and decreasing of crumb firmness resulted as shown in Fig. 1 and Table 3. These results suggested that the generated free mono and di acylglycerols from tri acylglycerols by lipase hydrolysis behaved as natural emulsifiers during breadmaking.
Firmness of mixed doughs.
The doughs substituted with various amounts of SMQ with or without lipase did not show significant differences on the penetration force. In contrast, the RMRQ dough with lipase significantly decreased the values compared with the RMRQ dough without lipase (Table 5 ). This phenomenon suggested that SMQ substitution could not suppress the firmness of commercial flours, as compared with RMRQ substitution, regardless of the lipase addition.
Therefore, the degree of hydrolysis of lipid by lipase was different between the SMQ and RMRQ dough samples.
Thermal properties of dough.
The enthalpy change of gelatinization of starch ( H1) in both doughs with or without lipase increased according to the SMQ and RMRQ substituted amounts as shown in Table 6 . This result might be caused by the increase of quinoa flour substitution, because it showed a higher enthalpy change for gelatinization of starch than the wheat flour, as reported previously. 17, 18) Addition of lipase to the SMQ or RMRQ substituted doughs showed slightly higher enthalpy change for melting of starch lipid complexes ( H2) compared with the SMQ and RMRQ samples without lipase addition. According to the increase of free monoacylglycerols, diacylglycerols and fatty acids by lipase hydrolysis of triacylglycerols, the formations of starch lipid complexes were promoted. This might cause the increase of enthalpy change derived from melting of starch lipid complexes ( H2). The enthalpy values for SMQ substitution with lipase were larger than those for RMRQ with lipase. As the starch lipid complexes were concerned with the retardation of bread staling, 19) this result might be associated with the more improving effects of lipase on SMQ substituted bread qualities rather than RMRQ substituted bread as shown in Fig. 1 and Table 3 .
Microstructure of dough.
The appearance of wheat dough containing 10, 20 and 30% (w w) of SMQ with (A L, B L, C L) or without (A, B, C) lipase were observed by SEM (Fig. 2) . The dough structure containing 20 and 30% (w w) SMQ (B and C) seemed to be the gluten network which was not extensive as compared with the Fig. 2A . Moreover, there were sporadically several clumps of quinoa starches in 30% (w w) SMQ dough structure. The poor extensibility of gluten network and or the formation of aggregation of starch granules lead to poor loaf volume and hardening of breadcrumbs as reported previously. 3, 20) On the other hand, dough gluten matrix containing 10, 20 and 30% (w w) of SMQ with 300 ppm lipase (A L, B L and C L) became more well developed than dough matrixes as shown in Figs. 2A , B and C. Consequently, the well developed dough structure produced a large loaf volume as described in the above results (Fig. 1) .
CONCLUSION
The chemical compositions and breadmaking properties of SMQ and RMRQ partly substituted wheat breads have been evaluated. The increase of SMQ and RMRQ substitution for wheat flour leads to a decreasing loaf volume as the gluten content lowered. However, the loaf volume and firmness of breadcrumbs were improved by the addition of lipase. Among various amounts of SMQ and RMRQ substituted breads, 10% SMQ substituted wheat bread showed the highest loaf volume and softness of breadcrumbs regardless of lipase addition. The roasting treatment for RMRQ might make different dough and bread properties from those of SMQ substitution. SMQ substituted wheat dough showed the lower penetration force than those of RMRQ. This fact coincided with that of graded flours; the small amounts of dietary fiber decreased the penetration force, as reported previously. 20, 21) The fundamental rheologocal property of a fluid is known as the viscosity and elasticity, and high fiber ingredients are able to contribute to the viscosities of food systems. When the concentration of dietary fiber ingredients in doughs increases, the dough viscosity increases accordingly. 22) Likewise, when the molecular weight, linearity and flexibility of dietary fiber increased, the viscosity became higher. Moreover, many water soluble dietary fibers still have capability of forming gels, and the resulting gel has a three dimensional firm structure. 22) Consequently, the SMQ dough with smaller amounts of dietary fiber formed more extensible gluten matrix than that of RMRQ substituted dough.
In addition, the degree of hydrolysis by lipase caused differences in enthalpy change of melting starch lipid complexes in DSC analyses between SMQ and RMRQ substitution. The higher enthalpy values of melting starch lipid complex in SMQ substituted dough were associated with keeping softness of breadcrumbs during storage, as compared with RMRQ substitution.
Although there were some differences in the flour qualities and dough or baking properties between the SMQ and RMRQ, both of the whole quinoa flours were expected to be applied as a useful food material and to be practically used for breadmaking as a wheat flour substitution with lipase. Furthermore, in order to utilize the quinoa samples having different characteristics, sensory tests of whole quinoa flours are needed for the practical application in food processing.
